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This  invention  concerns  an  apparatus  for  the 
removal  of  surface  water  and  limited  sub-surface 
water  from  the  ground,  the  floor  or  the  like 
surfaces  hereinafter  referred  to  collectively  as  the 
ground.  For  example  the  apparatus  is  adapted  to 
remove  water  from  sports  fields  including  foot- 
ball.  pitches,  athletic  grounds,  cricket  grounds, 
bowling  greens,  race  tracks,  golf  courses  and  is 
particularly  suitable  for  use  with  grass  covered 
surfaces.  Sporting  events  are frequently  cancelled 
or  abandoned  due  to  water  logging.  Others  are 
held  in  very  soggy  conditions  to  the  disadvantage 
of the  sport  concerned  both  from  the  player's  and 
spectator's  points  of  view. 

Plastic  sheeting  has  been  tried  unsuccessfully 
as  a  method  of  protecting  the  ground  but  the 
main  difficulty  here  has  been  removing  the  plastic 
sheeting,  with  the  weight  of  water  on  it.  Also  of 
course,  plastic  sheeting  cannot  withstand  even 
mqderate  winds  without  lifting  and/or  tearing. 
This  is  combined  with  the  failure  to  find  a  satisfac- 
tory  method  of  joining  the  sheets  to  avoid  seep- 
age  at  the  joints. 

An  apparatus  for  removing  water  from  the 
ground,  for  example  a  tennis  court,  is  known  from 
Swiss  Patent  Specification  459  281.  The  known 
apparatus  comprises  a  perforated  cylinder 
mounted  on  a  handled  frame  for  rotation  over  the 
ground,  the  cylinder  being  covered  by  a  layer  of 
water  absorptive  material  and  the  said  layer  of 
material  being  provided  with  a  plurality  of  holes 
and/or  grooves  to  facilitate  ease  of  water  absorp- 
tion  by  the  said  layer,  a  second  cylinder  being 
provided  on  the  frame  to  squeeze  water  from  the 
material  layer  such  that  said  water  passes  down 
through  the  perforated  cylinder  into  a  container 
housed  within  the  perforated  cylinder. 

The  known  apparatus  provides  that  the  water 
collected  by  the  layer  of  absorptive  material 
enters  the  cylinder  only  at  the  top  of  the  rotating 
cylinder  in  that  the  water  is  squeezed  from  the 
material  and  falls  under  gravity  into  the  cylinder. 
The  present  invention  has  the  added  advantages 
over  the  known  art  that  the  water  is  positively 
collected  at  the  lower  region  of  the  drum  by  the 
provision  of  valve  means  in  the  drum  and  also 
where  the  resilient  layer  is  provided  with 
channels  and/or  apertures  the  water  is  pumped 
directly  via  the  valve  means  into  the  drum  by  the 
compressive  action  of  the  ground  on  the  resilient 
layer  of  open  cell  material. 

Accordingly,  the  present  invention  provides  an 
apparatus  for  the  removal  of  water  from  the 
ground,  comprising  at  least  one  ground-engaging 
drum  including  a  hollow  cylinder  mounted  for 
rotation  about  a  horizontal  axis,  a  plurality  of 
apertures  distributed  around  the  circumference  of 
the  cylinder  and  a  layer  of  resilient  material 
covering  the  outer  surface  of  the  cylinder,  the 
resilient  layer  including  means  distributed  around 
its  circumference  to  permit  the  passage  of  water 
through  the  resilient  layer  to  the  cylinder,  and  a 
non-rotating  water  tank  mounted  within  the 

cylinder,  characterised  in  that  valve  means  in  the 
drum  are  arranged  to  close  the  apertures,  at  least 
in  respect  of  the  lower  region  of  the  drum,  except 
under  the  inward  pressure  of  water  passing 
through  the  resilient  layer  when  the  latter  is 
compressed,  and  a  plurality  of  troughs  on  the 
inner  surface  of  the  cylinder  being  provided  for 
carrying  water  which  enters  the  apertures  in  the 
area  of  ground  contact  upwardly  away  from  the 
ground  by  rotation  of  the  cylinder,  said  water tank 
being  provided  for  collecting  water  discharged 
from  the  troughs  when  each  reaches  a  certain 
height. 

The  present  invention  has  the  advantage  that 
there  is  no  need  to  cover  the  ground  to  protect  it 
from  excessive  rain,  as  the  apparatus  can  traverse 
even  the  soggiest  ground  without  injury  to  it 
whilst  at  the  same  time  collecting  the  water  as  it 
travels,  by  both  pressure  and  suction  from  the 
base  of  the  grass,  leaving  it  in  a  relatively  dry 
condition. 

Embodiments  of  the  invention  will  now  be 
described,  by  way  of  example  with  reference  to 
the  accompanying  drawings  in  which: 

Fig.  1  is  a  side  view  of  a  first  embodiment  of  an 
apparatus  according  to  the  invention, 

Fig.  2  is  a  top  plan  view  of  the  apparatus  of 
Figure  1, 

Fig.  3  is  a  partially  cut-away  side  view  of  the 
apertured  cylinder  and  water  tank  forming  part  of 
the  apparatus  of  Figure  1, 

Fig.  4  is  a  cross-sectional  view  of  Figure  3, 
Fig.  5  is  a  cross-sectional  view  of  the  water- 

collecting  drum  and  pressure  roller  forming  part 
of  the  apparatus  of  Figure  1, 

Fig.  6  is  a  more  detailed  cross-sectional  view  of 
the  drum  and  pressure  roller  to  illustrate  the 
principle  of  operation. 

Fig.  7  is  a  partial  perspective  view  of  a  trough 
and  flap  valves  forming  part  of  the  drum  of  Figure 
6, 

Fig.  8  is  an  alternative  arrangement  for  the 
apertures  in  the  cylinder  of  Figure  3, 

Fig.  9  is  a  cut-away  perspective  view  of  a 
portion  of  the  ground  engaging  drum  of  a  second 
embodiment  of  the  invention, 

Fig.  10  is  a  cross-sectional  view  of  the  drum  of 
Figure  9, 

Fig.  11  is  a  cut-away  perspective  view  of  a 
portion  of  the  ground  engaging  drum  of  a  further 
embodiment  of  the  invention, 

Fig.  12  is  a  cross-sectional  view  of  the  drum  of 
Figure  11, 

Fig.  13  is  a  perspective  view  of  a  fourth  embodi- 
ment  of  an  apparatus  according  to  the  invention, 
and 

Fig.  14  is  a  side  view  of  the  apparatus  as 
illustrated  in  Fig.  13. 

Referring  to  Figures  1  and  2  of the  drawings,  the 
apparatus  comprises  a  ground-engaging  drum  10 
mounted  in  a  frame  11  for  rotation  about  a 
horizontal  axis.  More  specifically,  the  drum  10 
comprises  an  inner  cylinder  12  of  stainless  steel 
or  extruded  PVC  which  is  rotatably  mounted  on  a 
fixed  horizontal  shaft  13,  the  latter  passing  co- 



axially  through  the  cylinder  12  (Figure  3)  and 
being  supported  at  each  end  in  respective  mount- 
ings  14  carried  at  opposite  sides  15,  16  of  the 
frame  11. 

The  cylinder  12  is  apertured  around  its  circum- 
ference,  the  apertures  17  either  being  circular  as 
shown  in  figures  3  and  7  or,  more  preferably, 
elongate  slots  as  shown  in  figure  8.  In  either  case 
the  apertures  17  are  arranged  in  rows  which 
extend  across  the  full  width  of  the  cylinder  paral- 
lel  to  its  axis  of  rotation,  the  rows  being  equally 
spaced  around  the  circumference  of  the  cylinder. 
The  apertures  17  are  staggered  from  one  row  to 
the  next,  each  aperture  of  a  given  row  being 
positioned  intermediate  a  pair  of  apertures  in  the 
rows  immediately  on  either  side.  In  the  case  of 
slotted  apertures,  fig.  8,  these  are  aligned  in  the 
direction  of  their  respective  rows. 

Finally,  the  drum  10  comprises  an  outer  layer  18 
of  open  cell  foam  rubber,  preferably  about  two 
inches  in  depth,  covering  the  outer  surface  of  the 
cylinder  12.  The  outer  surface  of  this  layer  18  is 
itself  corrugated  to  define  longitudinal  grooves  or 
channels  19  parallel  to  the  axis  of  rotation  of  the 
cylinder  12  and  equally  spaced  circumferentially 
around  the  drum  10.  The  grooves  19  are  semi- 
circular  in  cross-section  and  about  one  inch  in 
depth. 

The  drum  10  is  driven  for  rotation  by  a  petrol 
engine  20  mounted  atop  the  frame  11,  the 
cylinder  12  being  coupled  to  the  engine  20  by  a 
reduction  gear  21  and  a  chain  drive  22.  The  right 
hand  side  of  figure  1,  as  viewed  in  the  drawing, 
constitutes  the  front  of  the  apparatus  and  there- 
fore  the  drum  10  is  driven  in  the  direction  of  the 
arrow  23.  The  apparatus  is  stabilised  by  a  balance 
cylinder  24  carried  by  the  frame  11  behind  the 
drum  10,  and  the  whole  apparatus  is  manually 
guided  by  a  handle  25  at  the  rear. 

Inside  the  cylinder  12  each  row  of  apertures  17 
has  an  associated  elongate  rubber  flap  valve  26, 
as  shown  in  figures  6  and  7.  Although  the  flap 
valves  26  are  shown  only  in  schematic  form  it  is  to 
be  understood  that  in  this  embodiment  they  are 
attached  at  each  end  edge  to  the  inner  surface  of 
the  cylinder  12  and  are  so  attached  that  each  flap 
valve  26  is  slightly  stretched  along  its  length,  and 
each  valve  26  is  in  this  manner  biassed  to  close 
the  row  of  apertures  17  associated  therewith. 
Such  biassing  is  effected  solely  through  the  longi- 
tudinal  tensioning  of  each  flap  valve  and  the 
closure  of  the  apertures  17  is  therefore  main- 
tained  for  all  angular  positions  of  the  drum  10 
(except  when  subject  to  inward  water  pressure  as 
will  be  described).  The  flap  valves  26  may  be 
readily  opened  when  water  pressure  is  applied 
thereto  and  will  readily  close  again  once  the 
action  of  water  pressure  thereon  ceases.  It  is  to  be 
understood  that,  if  desired,  a  single  flap  valve  26 
could  be  used  to  close  off  two  or  more  rows  of 
apertures  17  rather  than  only  a  single  row  as 
described.  Also,  the  flap  valves  could  be  spring- 
loaded  or  otherwise  biassed  in  any  conventional 
manner  against  the  row  of  apertures  17.  Further- 
more,  it  is  to  be  understood  that  the  action  of  the 

flap  valves  in  closing  off  the  apertures  17  could  be 
gravity-assisted,  since  it  is  only  necessary  that 
they  be  effective  in  the  lower  region  of  the  drum 
10  as  will  be  described. 

The  inside  of  the  cylinder  12  is  also  provided 
with  a  plurality  of  ducts  or  troughs  30,  figs.  6  and 
7,  each  trough  extending  parallel  to  the  axis  of 
rotation  of  the  cylinder,  and  there  being  one  such 
trough  for  each  pair  of  adjacent  rows  of  apertures 
17  as  shown  in  Figure  6.  Each  trough  30  has  an  L- 
shaped  cross-section  with  one  longitudinal  edge 
secured  to  the  inner  surface  of  the  cylinder  adja- 
cent  to  a  respective  row  of  apertures  17,  and  the 
other  (free)  edge  31  being  disposed  inwardly  of 
the  inner  surface  of  the  cylinder  and  angularly 
displaced  in  the  direction  of  rotation  of  the 
cylinder.  The  troughs  30  extend  the  full  length  of 
the  cylinder  12  and  are  closed  off  at  each  end  by 
the  inside  surfaces  of  the  circular  endwalls  32  (fig. 
3)  of  the  cylinder.  It  will  be  recognised  that  an 
individual  trough  30  could  be  provided  for  each 
row  of  apertures  17  if  desired,  rather  than  provid- 
ing  one  trough  for  each  two  adjacent  rows  as  in 
this  embodiment. 

The  apparatus  further  includes  a  water  tank  35 
of  part  cylindrical  cross-section,  see  figures  3  and 
4,  the  tank  35  being  mounted  on  the  shaft  13  by 
bearings  36.  It  will  be  understood  that  the  tank  35 
does  not  rotate  with  the  drum  10.  As  will  be 
described,  the  purpose  of  the  tank  35  is  to  collect 
water  which  initially  enters  the  apertures  17  from 
the  foam  rubber  layer  18  in  the  area  of  contact 
with  the  ground  and  which  is  thereafter  trans- 
ported  upwardly  by  the  troughs  30.  The  tank  35 
also  collects  water  squeezed  from  the  layer  18  by 
a  pressure  roller  36,  figs.  1, 2,  5 and  6,  the  roller  36 
being  rotatably  mounted  between  the  opposite 
sides  15,  16  of  the  frame  11  and  being  driven  by 
the  chain  drive  22. 

Referring  to  figs.  1  and  3  of  the  accompanying 
drawings  the  water  which  is  collected  in  the  tank 
35  may  be  removed  by  a  pump  45  mounted  on 
the  top  of  the  frame  11.  The  pump  45  acts  in  a 
conventional  manner  to  draw  the  water  from  the 
tank  35  through  a  discharge  pipe  47  into  the  shaft 
13  which  is  hollow,  a  rotary  hose  reel  46  being 
mounted  on  the  frame  11  and  operatively  con- 
nected  to  a  water  outlet  end  (not  shown)  of  the 
shaft  13. 

Referring  now  in  particular  but  not  exclusively 
to  figure  6,  the  apparatus  operates  as  follows. 
When  the  engine  20  is  running  the  drum  10  is 
rotated  in  the  direction  of  the  arrow  40  and  is  thus 
propelled  forwardly  in  the  direction  of  the  arrow 
41.  In  the  area  of  ground  contact  42  in  front  of  a 
notional  vertical  centre  plane  intersecting  the  axis 
of  the  drum  10,  the  layer  18  is  subject  to  increas- 
ing  compression  as  the  drum  moves  forward.  In 
this  area  42  the  ground  water  43  is  first  trapped  in 
the  grooves  or  channels  19  and,  as  the  layer  18 
compresses,  the  water  is  forced  under  pressure 
inwardly  inwards  the  cylinder  12  through  the 
open  cell  structure  of  the  layer  18. 

This  inward  pressure  of  the  water  in  the  pro- 
gressively  compressed  layer  18  forces  the  flap 



valves  26  open  in  this  area  (see  for  example  the 
valves  26'),  and  the  ground  water  passes  into  the 
interior  of  the  cylinder  12.  When  the  valves  26 
pass  the  notional  vertical  centre  plane  the  adja- 
cent  foam  rubber  layer  18  now  progressively 
decompresses  so  that  the  inward  water  pressure 
is  relieved  and  the  valves  26  close. 

The  water  which  entered  the  cylinder  12  is  now 
trapped  in  the  troughs  30  and  is  carried  rear- 
wardly  and  upwardly  upon  further  rotation  of  the 
drum  10.  At  a certain  height,  depending  upon  the 
amount  of  water  collected  in  each  trough  and  the 
geometric  dimensions  of  the  apparatus,  each 
trough  will  begn  to  discharge  its  water  as  shown 
for  the  trough  30'  in  figure  6.  The  opening  at  the 
top  of  the  water  tank  35  (not  shown  in  figure  6)  is 
sufficiently  wide  to  collect  this  water  as  it  drains 
from  the  troughs  30.  It  is  of  course  to  be  under- 
stood  that  figure  6  has  been  considerably  sim- 
plified,  and  that  the  apertures  17,  flap  valves  26 
and  troughs  30  are  provided  around  the  entire 
circumference  of  the  cylinder  12  as  hereinbefore 
described. 

In  addition  to  the  ability  of  the  apparatus  as 
described  above  to  collect  bulk  water  in  advance 
of  the  drum  120,  another feature  of the  apparatus 
is that the  open  cell  foam  rubber  18will  effectively 
collect  additional  water  and  dry  the  grass  to  a 
considerable  extent  behind  the  drum  as  it  rolls 
forward,  since  residual  water  and  moisture  is 
collected  by  the  foam  rubber  18  after  it  has 
passed  the  notional  centre  plane  referred  to 
above,  i.e.  after  the  point  of  maximum  compres- 
sion  with  the  ground.  This  additional  collection  of 
water  results  from  the  fact  that  when  the  pressure 
on  the  foam  rubber  18  is  released,  a  strong 
suction  is  created  as  the  cylinder  apertures  17  are 
sealed  off  by  the  flap  valves  26  thereby  allowing 
the  open  cells  of  the  foam  rubber  to  suck  in  water. 
As  the  cylinder  12  rotates,  the  water  in  the  foam 
rubber  18  is  carried  to  the  top  of  the  cylinder 
when  it  is  squeezed  back  through  the  flap  valves 
26  and  the  apertures  17  in  the  cylinder  and  into 
the  central  water  tank  35.  This  is  attained  by 
means  of  the  pressure  roller  36  driven  by  the 
chain  drive  22  to  run  against  the  foam  rubber  18, 
applying  a  pre-determined  pressure  and  effec- 
tively  pressing  the  water  out  of  the  foam  rubber, 
opening  the  flap  valves  26,  and  dropping  into  the 
water  tank  35  through  the  apertures  17  in  the 
cylinder.  It  will  be  seen  therefore  that  as  the  drum 
10  further  rotates  past this  pressure  roller  36,  the 
layer  18  will  be  cleared  of  all  water.  When  the 
water  in  the  tank  35  reaches  a  predetermined 
level,  it  is  removed  by  the  pump  45  (fig.  2) 
mounted  on  top  of  the  frame  11.  The  water  is 
pumped  out  from  the  bottom  of  the  tank  35  by 
means  of the  pipe  47,  the  hollow  shaft  13  and  the 
hose  reel  46.  The  necessary  length  of  say  30.5 
centimetres  (1  foot)  water  hose  is  carried  on  the 
rotary  hose  reel  46  (fig.  1)  mounted  on  top  of  the 
apparatus.  This  hose  reel  can  be  wound  in  or  out 
as  required,  the  hose  of  course  being  connected 
to  the  drain  point  nearest  the  area  being  cleared 
of  water. 

The  apparatus  can  of  course  be  adapted  in 
design  to  carry  a  cab  section  with  drivers  seat.  In 
the  case  of  the  hand  guided  apparatus  shown  in 
the  drawings,  however,  the  second  smaller 
balancing  cylinder  24  running  behind  the  drum  10 
is  covered  with  high  density  closed  cell  foam 
rubber,  PVC  or  other  suitable  material.  This 
smaller  guide  cylinder  does  not  carry  any  appreci- 
able  weight  as  its  function  is  only  as  a  balancing 
guide/steering  roller. 

Further  benefits  in  this  apparatus  are  gained  by 
the  fact  that  the  foam  rubber  18  will  protect  the 
ground  from  damage  by  the  machine  as  the 
weight  of  the  drum  10  and  ancillary  equipment  is 
spread  over  a  relatively  flat  area  at  the  point  of 
contact  with  the  ground.  This  feature  is  vitally 
important  in  the  case  of  football  ground,  golf 
greens,  etc.  where  it would  be  impossible  to  allow 
any  conventional  machinery  to  traverse  the 
ground  in  soggy  conditions.  The  foam  rubber  18 
also  effectively  eliminates  the  effect  of  bumpy  or 
eneven  ground  as,  in  the  cases  of  recesses,  the 
rubber  expands  into  them  and  in  the  case  of 
protrusions  or  bumps,  it  will  compress  to  the 
necessary  degree.  The  spread  of  load  on  impres- 
sion  also  benefits  the  carrying  capacity  of  the 
apparatus  as,  in  the  case  of  the  hand  steered 
machined  shown,  the  cylinder  is  capable  of  carry- 
ing  the  weight  of  the  necessary  equipment,  i.e. 
engine,  reduction  gear,  water  pump,  hose  reel, 
etc.  without  risk  of  damage  to  the  ground. 

In  fact  the  additional  load  of  the  engine,  etc.  is 
necessary  to  compress  the  foam  to  the  extent  of 
giving  it  the  necessary  downwards  pressure  on 
the  ground,  to  force  the  trapped  water  into  the 
cylinder  12. 

A  second  embodiment  of the  invention  will  now 
be  described  with  reference  to  figures  9  and  10  of 
the  accompanying  drawings. 

It  is  to'  be  understood  that  in  general  the 
construction  and  operation  of  the  water-removal 
apparatus  of  the  second  embodiment  is  the  same 
as  that  described  for  the  first  embodiment.  For 
this  reason  the  description  is  restricted  to  the 
differences  between  the  two,  and  the  same  ref- 
erence  numerals  are  used  for  similar  elements. 

Referring  now  to  figures  9,  and  10,  in  the  drum 
10  of  the  present  embodiment  the  longitudinal 
channels  19  of  the  first  embodiment  are  replaced 
by  individual  apertures  50  which  extend  fully 
through  the  thickness  of  the  layer  18  of  open  cell 
foam  rubber,  each  aperture  50  being  in  register 
with  and  communicating  directly  with  a 
respective  aperture  17  in  the  cylinder  12.  The 
apertures  50  are  preferably  in  the  form  of  funnels 
as  shown,  having  a  relatively  large  cup-like  outer 
portion  51  at  the  outer  surface  of  the  layer  18 
which  tapers  inwardly  to  a  cylindrical  inner  por- 
tion  52  having  a  width  substantially  the  same  as 
that  of  the  respective  circular  aperture  17  in  the 
cylinder  12. 

As  before,  the  apertures  17  are  arranged  in 
staggered  rows  across  the  width  of  the  cylinder 
12,  and  the  apertures  50  are  therefore  similarly 
located  in  the  layer  18.  However,  since  the  cup- 



like  portions  51  of  the  apertures  50  preferably 
have  about  the  same  width  5.1  cm  (2  inches)  at 
the  outer  surface  of  the  layer  18  as  the  channels 
19  previously  provided,  and  since  the  apertures 
50  correspond  one-to-one  to  the  apertures  17,  the 
latter  are  somewhat  larger  and  less  in  number 
than  before.  Thus  the  cylinder  12  has  fewer  rows 
of  apertures  17  with  fewer  apertures  in  each  row. 
For  this  reason,  as  shown  in  figure  3,  only  one 
row  of  apertures  17  and  one  flap  valve  26  is 
provided  between  each  adjacent  pair  of  troughs 
30. 

The  advantage  of  using  the  apertures  50  as 
compared  to  the  channels  19  of  the  earlier  drum  is 
that  the  water  trapped  in  the  cup-like  portions  51 
by  the  advancing  drum  is  pumped  directly  into 
the  cylinder  12  by  the  compressive  action  of  the 
ground  on  the  layer  18,  and  does  not  have  to  be 
forced  through  intervening  open-cell  foam 
rubber. 

Referring  to  Figures  11  and  12  of  the  accom- 
panying  drawings,  a  further  embodiment  of  the 
invention  provides  a  sheet  of  non-porous  rubber 
60  or  the  like  non-porous  material  which  is 
bonded  in  a  conventional  manner  to  the  outer 
surface  61  of  the  open  cell  foam  rubber  layer  18, 
the  rubber  sheet  60  being  provided  with  a 
plurality  of  apertures  62  which  are  in  register  with 
the  apertures  50  in  the  open  cell  foam  rubber 
layer  18.  On  a  rubber  layer  18  of  5.1  centimetres  (2 
inch)  thickness,  a  rubber  sheet  60  of  1.59  millimet- 
res  (1/16  inch)  thickness  is  appropriate. 

The  rubber  sheet  60  is  sufficiently  resilient  to 
make  it  together  with  the  foam  rubber  layer  18  a 
cover  unit for the  drum  10  which  in  use  will  retract 
under  pressure  to  enhance  the  pumping  action  in 
front  and  at  the  bottom  of  the  cylinder  12  as  it 
traverses  the  ground  and  expands  to  suck  up  any 
residue  of  water  through  the  apertures  17  at  the 
rear  of  the  rotating  cylinder  12.  The  effect  of  the 
rubber  sheet  60  covering  is  that,  when  the 
cylinder  12  rotates  each  row  of  apertures  50/62 
traps  the  water  as  it  rolls  forward.  The  non-porous 
rubber  sheet  60  forces  the  water  to  flow  into  the 
apertures  50/62  since  the  water  under  pressure 
will  of  course  run  to  the  area  of  least  resistance, 
namely  the  nearest  aperture  50/62  to  each  flat 
area  of  the  open  cell  foam  rubber  layer  18.  It  will 
be  seen  therefore,  that  the  addition  of  the  rubber 
sheet  bonded  to  the  layer  18  diverts  the  flow  of 
water  to  where  it  can  be  most  efficiently  pumped 
directly  into  the  cylinder  12,  in  a  greater  volume 
than  if  the  pumping  was  solely  through  the  open 
cell  foam  layer  18.  The  non-porous  rubber  sheet 
60  combined  with  the  open  cell  foam  layer  18 
functioning  as  one  unit,  and  the  configuration  of 
each  funnel  shape  aperture  50/62  and  the  valve 
26,  provides  an  effective  pump  to  draw  water  into 
the  cylinder  12.  There  are,  in  effect,  over  2,000 
"pumps"  on  the  drum  10  having  a  line  contact 
with  the  ground  of  50  in  each  row,  each  row 
preferably  spaced  2.54  centimetres  (1  inch)  apart. 
A  further  advantage  of  the  bonded  rubber  sheet 
surface  covering  is  that  it  will  protect  the  open  cell 
foam  layer  18  on  the  cylinder  12  from  damage 

and  wear,  thereby  prolonging  the  wearability  of 
the  entire  cylinder  covering.  Because  of  the 
smooth  surface  which  the  rubber  sheet  covering 
imparts  to  the  drum  it  greatly  improves  the 
turning  facility  of  the  machine  in  use,  without  any 
consequent  damage  to  a  grass  covered  ground. 

It  has  also  been  found  that  the  rubber  sheet 
covering  strengthens  the  open  cell  foam  layer  and 
enables  it  to  carry  a  greater  weight,  while  allow- 
ing  the  layer  to  flatten  out  at  ground  level  to  gain 
a  substantial  load  and  weight  spread.  This  low 
compression  has  been  found  to  be  particularly 
important  in  relation  to  golf  course  greens  for 
example  where  the  maintenance  of  a  smooth  true 
ground  surface  is  essential. 

With  regard  to  this  last  embodiment,  since  the 
the  use  of  the  non-porous  rubber  sheet  60  directs 
the  water  under  pressure  more  efficiently  into  the 
funnel  shaped  apertures  50/62  than  in  the  case 
where  the  sheet  60  is  absent,  it  is  not  necessary 
that  the  resilient  foam  rubber  layer  18  be  of  open 
cell  structure.  Indeed,  the  sheet  60  prevents  water 
from  entering  the  body  of  the  layer  18  except  at 
the  edges  of  the  apertures  50/62,  so  that  the 
amount  of  water  absorbed  in  this  way  is  much 
less  than  in  the  case  where  the  sheet  60  is  absent. 
Thus  the  pressure  roller  36,  figure  1,  may  also  be 
omitted  in  this  case. 

Referring  to  Figs.  13  and  14  of  the  accompany- 
ing  drawings  there  is  illustrated  a  fourth  embodi- 
ment  of  the  apparatus  of  the  present  invention. 
This  embodiment  provides  for  a  fully  motorised 
version  of  the  apparatus  and  includes  the  pro- 
vision  of  a  base  chassis  70  upon  which  four  rollers 
71, 72, 73  and  74  are  provided  in  pairs  both  front 
and  rear  in  a  spaced-apart  and  side-by-side  rela- 
tionship.  The  chassis  70  also  carries  on  support 
bars  70a  a  water  tank  75  mounted  intermediate 
the  pairs  of  roller  71, 72  and  73, 74  and  into  which 
water  collected  in  use  by  the  pairs  of  rollers  may 
drain  as  hereinafter  described.  The  chassis  70 
also  carries  a  drivers  seat  76,  a  conventional 
steering  mechanism  77  operatively  connected  to 
the  front  pair  of  rollers  71,  72  a  drive  motor  78 
operatively  connected  by  a  chain  drive  (not 
shown)  to  the  driven  rear  pair  of  rollers  73,  74  a 
differential  mechanism  (not  shown)  mounted 
intermediate  the  ends  of the  drive  shaft  of  the  rear 
pair  of  rollers,  and  a  pump  79  to  discharge  water 
from  the  water  tank  75  through  a  pipe  79a  to  the 
pump  79  and  then  to  a  discharge  nozzle  80. 

The  rollers  71, 72, 73, 74  are  each  of  a  construc- 
tion  as  described  in  relation  to  the  earlier  embodi- 
ments.  The  water  collected  by  the  rollers  71,  72, 
73,  74  in  this  embodiment  drains  under  gravity 
from  the  collector  tank  in  each  roller  through 
water  feed  pipes  to  the  water  tank  75.  With  the 
front  rollers  71,  72  the  drainage  is  via  the  hollow 
shaft  on  which  the  rollers  are  mounted  to  the 
water feed  pipe  81  connected  between  one  end  82 
of  the  hollow  shaft  and  the  water  tank  75. 
Similarly  the  rear  rollers  73,  74  discharge  the 
collected  water  to  a  water  feed  pipe  83  connected 
to  the  hollow  drive  shaft,  at  a  point  between  the 
rollers,  and  the  water  tank  75.  The  water  in  the 



water  tank  75  may  be  pumped  away  through  a 
high  velocity  discharge  nozzle  80  which  will  throw 
the  water  a  distance  from  the  ground  being 
cleared  of  water  or  pass  the  water through  a  long 
hose  line  (not  shown)  which  may  be  connected  to 
the  pump  outlet  to  discharge  the  water  away  from 
the  area  being  cleared  of  water.  It  is  envisaged 
that  this  embodiment  of  the  apparatus  of  the 
invention  can  when  operating  in  water  at  a  depth 
of  5  cms  lift  and  discharge  0.45  cubic  metres/min 
(100  gals/min). 

1.  An  apparatus  for  the  removal  of  water  from 
the  ground,  comprising  at  least  one  ground- 
engaging  drum  (10)  including  a  hollow  cylinder 
(12)  mounted  for  rotation  about  a  horizontal  axis, 
a  plurality  of  apertures  (17)  distributed  around  the 
circumference  of the  cylinder  (12)  and  a  layer  (18) 
of  resilient  material  covering  the  outer  surface  of 
the  cylinder  (12),  the  resilient  layer  (18)  including 
means  (19,  50)  distributed  around  its  circumfer- 
ence  to  permit  the  passage  of  water  through  the 
resilient  layer  (18)  to  the  cylinder  (12),  and  a  non- 
rotating  water  tank  (35)  mounted  within  the 
cylinder  (12),  characterized  in  that  valve  means 
(26)  in  the  drum  (10)  are  arranged  to  close  the 
apertures  (17),  at  least  in  respect  of  the  lower 
region  of  the  drum,  except  under  the  inward 
pressure  of  water  passing  through  the  resilient 
layer  (18)  when  the  latter  is  compressed,  and  a 
plurality  of troughs  (30)  on  the  inner  surface  of the 
cylinder  (12)  being  provided  for  carrying  water 
which  enters  the  apertures  (17)  in  the  area  of 
ground  contact  upwardly  away  from  the  ground 
by  rotation  of  the  cylinder,  said  water  tank  (35) 
being  provided  for  collecting  water  discharged 
from  the  troughs  (30)  when  each  trough  reaches  a 
certain  height. 

2.  An  apparatus  as  claimed  in  claim  1,  wherein 
the  resilient  layer  (18)  comprises  open  cell 
material,  the  open  cells  providing  the  said  means 
which  permit  the  passage  of  water  through  the 
layer  (18). 

3.  An  apparatus  as  claimed  in  claim  2,  wherein 
the  outer  surface  of the  resilient  layer  (18)  of  open 
cell  material  is  corrugated  to  define  longitudinal 
channels  (19)  parallel  to  the  axis  of  rotation  of the 
cylinder  (12). 

4.  An  apparatus  as  claimed  in  claim  3,  wherein 
each  channel  (19)  is  arcuate  in  cross-section. 

5.  An  apparatus  as  claimed  in  claim  1,  wherein 
the  means  which  permit  the  passage  of  water 
through  the  resilient  layer  (18)  comprises  a 
plurality  of  apertures  (50). 

6.  An  apparatus  as  claimed  in  claim  5,  wherein 
the  apertures  (50)  in  the  resilient  layer  (18)  are 
wider  at the  outer  surface  of  the  layer  (18)  than  at 
the  inner  surfaces  where  they  communicate  with 
the  cylinder  apertures  (17). 

7.  An  apparatus  as  claimed  in  claim  6,  wherein 
the  apertures  (50)  are  in  the  form  of funnels. 

8.  An  apparatus  as  claimed  in  claim  5  in  which 
the  apertures  are  each  in  register  with  and  com- 

municating  directly  with  a  respective  aperture  in 
the  cylinder. 

9.  An  apparatus  as  claimed  in  claim  5,  6,  7  or  8, 
wherein  a  sheet  (60)  of  non-porous  rubber  is 
provided  on  the  outer  surface  (61)  of  the  resilient 
layer  (18),  the  rubber  sheet  (60)  having  apertures 
(62)  which  are  in  register with  the  apertures  (50)  in 
the  resilient  layer  (18). 

10.  An  apparatus  as  claimed  in  any  preceding 
claim,  wherein  the  apertures  (17)  are  arranged  in 
rows  across  the  width  of  the  cylinder  (12)  in 
parallel  with  the  axis  thereof,  and  wherein  the 
valve  means  (26)  comprises  a  plurality  of  elon- 
gate  flaps  each  associated  with  at  least  one  row  of 
apertures  (17). 

11.  An  apparatus  as  claimed  in  claim  10,  where- 
in  each  aperture  (17)  is  in  the  form  of  a  slot 
aligned  in  the  direction  of  the  respective  row  of 
apertures. 

12.  An  apparatus  as  claimed  in  claim  10  or  11, 
wherein  each  trough  (30)  extends  parallel  to  the 
axis  of  the  cylinder  (12)  and  has  a  first  edge 
secured  to  the  inner  surface  of  the  cylinder  (12) 
adjacent  a  respective  row  of  apertures  (17)  and  a 
second  free  edge  (31)  disposed  inwardly  of  the 
inner  surface  of  the  cylinder  (12)  and  angularly 
displaced  in  the  direction  of  rotation  of  the 
cylinder  (12). 

13.  An  apparatus  as  claimed  in  claim  12,  where- 
in  each  trough  (30)  has  an  L-shaped  cross-section. 

14.  An  apparatus  as  claimed  in  any  preceding 
claim,  further  including  a  power  source  (20)  and 
means  (22)  coupling  the  power  source  to  the 
drum  (10)  to  rotate  the  drum. 

15.  An  apparatus  as  claimed  in  claim  1  compris- 
ing  four  ground  engaging  drums  (71,  72,  73,  74) 
mounted  in  pairs  to  the  front  and  rear  of  a  chassis 
.frame  (70)  in  side-by-side  relationship,  drive 
means  (78)  operatively  connected  to  at  least  one 
pair  of  drums  and  a  steering  mechanism  (77) 
operatively  connected  to  the  front  pair  of  drums 
(71,72). 

16.  An  apparatus  as  claimed  in  claim  15  in 
which  there  is  mounted  on  the  chassis  frame  (70) 
between  the  front  and  rear  pairs  of  rollers  a  water 
tank  (75)  and  gravity  feed  water  pipe  means  (81, 
82,  83)  connected  between  said  rollers  and  the 
water  tank. 

1.  Vorrichtung  zur  Entfernung  vom  Wasser  vom 
Boden  mit  wenigstens  einer  am  Boden  anliegen- 
den  Trommel  (10),  die  einen  führ  eine  Drehung 
um  eine  horizontale  Achse  -befestigten  hohlen 
Zylinder  (12),  eine  Vielzahl  von  um  den  Umfang 
des  Zylinders  (12)  verteilten  Öffnungen  (17)  und 
eine  Schicht  (18)  von  elastischem  Material,  die  die 
Außenfläche  des  Zylinders  (12)  bedeckt,  ein- 
schließt,  wobei  die  elastische  Schicht  (18)  Einrich- 
tungen  (19,  50)  enthält,  die  um  ihren  Umfang 
herum  verteilt  sind,  um  den  Durchgang  von  Was- 
ser  durch  die  elastische  Schicht  (18)  zu  dem 
Zylinder  (12)  zu  gestatten,  und  mit  wenigstens 
einem  nichtdrehenden  Wasserbehälter  (35),  der 



in  dem  Zylinder  (12)  befestigt  ist,  dadurch  ge- 
kennzeichnet,  daß  Ventileinrichtungen  (26)  in  der 
Trommel  (10)  angeordnet  sind,  um  die  Öffnungen 
(17)  wenigstens  bezüglich  des  unteren  Bereichs 
der  Trommel  ausgenommen  unter  dem  nach 
innen  gerichteten  Druck  von  durch  die  elastische 
Schicht  (18)  gehendem  Wasser,  wenn  letzterer 
komprimiert  wird,  zu  verschließen,  und  daß  eine 
Vielzahl  von  Wannen  (30)  auf  der  Innenfläche  des 
Zylinders  (12)  vorgesehen  ist,  um  Wasser, 
welches  in  die  Öffnungen  (17)  in  dem  Bereich  der 
Bodenberührung  eintritt,  durch  Drehung  des  Zy- 
linders  aufwärts  vom  Boden  weg  zu  tragen,  wobei 
der  Wasserbehälter  (35)  für  das  Sammeln  von 
Wasser  vorgesehen  ist,  das  aus  den  Wannen  (30) 
abgegeben  wird,  wenn  jede  Wanne  eine  be- 
stimmte  Höhe  erreicht. 

2.  Vorrichtung  nach  Anspruch  1,  bei  der  die 
elastische  Schicht  (18)  offenzelliges  Material  um- 
faßt,  wobei  die  offenen  Zellen  die  Einrichtung 
ergeben,  die  den  Durchtritt  von  Wasser  durch  die 
Schicht  (18)  gestattet. 

3.  Vorrichtung  nach  Anspruch  2,  bei  der  die 
Außenfläche  der  elastischen  Schicht  (18)  des 
offenzelligen  Materials  gerippt  ist,  um  Längskanä- 
le  (19)  parallel  zur  Drehachse  des  Zylinders  (12)  zu 
definieren. 

4.  Vorrichtung  nach  Anspruch  3,  bei  der  jeder 
Kanal  (19)  gekrümmten  Querschnitt  hat. 

5.  Vorrichtung  nach  Anspruch  1,  bei  der  die 
Einrichtung,  die  den  Durchgang  von  Wasser 
durch  die  elastische  Schicht  (18)  gestattet,  eine 
Vielzahl  von  Öffnungen  (50)  aufweist. 

6.  Vorrichtung  nach  Anspruch  5,  bei  der  die 
Öffnungen  (50)  in  der  elastischen  Schicht  (18) 
weiter  an  der  Außenfläche  der  Schicht  (18)  als  an 
der  Innenfläche,  wo  sie  in  Verbindung  den  Zylin- 
deröffnungen  (17)  stehen,  sind. 

7.  Vorrichtung  nach  Anspruch  6,  bei  der  die 
Öffnungen  (50)  die  Form  von  Trichtern  haben. 

8.  Vorrichtung  nach  Anspruch  5,  bei  der  die 
Öffnungen  mit  einer  entsprechenden  Öffnung  im 
Zylinder  fluchten  und  direkt  mit  dieser  in  Verbin- 
dung  stehen. 

9.  Vorrichtung  nach  Anspruch  5,  6,  7  oder  8,  bei 
der  eine  Bahn  (60)  aus  nichtporösem  Gummi  auf 
der  Außenoberfläche  (61)  der  elastischen  Schicht 
(18)  vorgesehen  ist,  wobei  die  Gummibahn  (60) 
Öffnungen  (62)  hat,  die  mit  den  Öffnungen  (50)  in 
der  elastischen  Schicht  (18)  fluchten. 

10.  Vorrichtung  nach  einem  vorausgehenden 
Anspruch,  bei  der  die  Öffnungen  (17)  in  Reihen 
über  die  Breite  des  Zylinders  (12)  parallel  zu 
dessen  Achse  angeordnet  sind  und  bei  der  die 
Ventileinrichtung  (26)  eine  Vielzahl  länglicher 
Klappen  aufweist,  die  jeweils  mit  wenigstens 
einer  Reihe  von  Öffnungen  (17)  verbunden  sind. 

11.  Vorrichtung  nach  Anspruch  10,  bei  der  jede 
Öffnung  (17)  in  der  Form  eines  Schlitzes  vorliegt, 
der  in  der  Richtung  der  betreffenden  Reihe  von 
Öffnungen  ausgerichtet  ist. 

12.  Vorrichtung  nach  Anspruch  10  oder  11,  bei 
der  jede  Wanne  (30)  sich  parallel  zu  der  Achse  des 
Zylinders  (12)  erstreckt  und  eine  erste  an  der 
Innenfläche  des  Zylinders  (12)  nahe  der  betreffen- 

den  Reihe  von  Öffnungen  (17)  befestigte  Kante 
und  eine  zweite  freie  Kante  (31),  die  von  der 
Innenfläche  des  Zylinders  (12)  nach  innen  weist 
und  in  der  Drehrichtung  des  Zylinders  (12)  abge- 
winkelt  ist,  hat. 

13.  Vorrichtung  nach  Anspruch  12,  bei  der  jede 
Wanne  (30)  einen  L-förmigen  Querschnitt  hat. 

14.  Vorrichtung  nach  einem  vorausgehenden 
Anspruch,  zusätzlich  mit  einer  Kraftquelle  (20) 
und  Einrichtungen  (22),  die  die  Kraftquelle  mit  der 
Trommel  (10)  kuppeln,  um  die  Trommel  zu 
drehen. 

15.  Vorrichtung  nach  Anspruch  1  mit  vier  am 
Boden  anliegenden  Trommeln  (71, 72, 73, 74),  die 
zu  Paaren  vorn  und  hinten  an  einem  Fahrgestell 
(70)  nebeneinander  befestigt  sind,  Antriebsein- 
richtungen  (78),  die  wirkungsmäßig  mit  wenig- 
stens  einem  Trommelpaar  verbunden  sind,  und 
einem  Steuermechanismus  (77),  der  wirkungsmä- 
ßig  mit  dem  vorderen  Trommelpaar  (71,  72) 
verbunden  ist. 

16.  Vorrichtung  nach  Anspruch  15,  bei  dem  auf 
dem  Fahrgestell  (70)  zwischen  dem  vorderen  und 
dem  hinteren  Walzenpaar  ein  Wasserbehälter  (75) 
und  Wasserleitungseinrichtungen  (81,  82,  83)  zur 
Beschickung  unter  der  Schwerkraft,  die  mit  den 
Walzen  und  dem  Wasserbehälter  verbunden  sind, 
befestigt  sind. 

1.  Appareil  pour  l'élimination  d'eau  à  partir  du 
sol,  comportant  au  moins  un  tambour  en  contact 
avec  le  sol  (10)  comprenant  un  cylindre  creux  (12) 
tourillonnant  outour  d'un  axe  horizontal,  une 
pluralité  de  trous  (17)  répartis  sur  la  circonférence 
du  cylindre  (12)  et  une  couche  (18)  de  matériau 
élastique  recouvrant  la  surface  extérieure  du  cy- 
lindre  (12),  la  couche  élastique  (18)  comprenant 
des  moyens  (19,  50)  répartis  sur  so  circonférence 
pour  permettre  le  passage  de  l'eau  à  travers  la 
couche  élastique  (18)  jusqu'au  cylindre  et  un 
réservoir  à  eau  non  tournant  (35)  monté  à  l'inté- 
rieur  du  cylindre  (12),  caractérisé  en  ce  que  des 
moyens  de  soupapes  (26)  dans  le  tambour  (10) 
sont  agencées  pour  fermer  les  trous  (17),  au 
moins  pour  ce  qui  est  de  la  région  inférieure  du 
tambour,  sauf  sous  l'effet  de  la  pression  exercée 
vers  l'intérieur  par  l'eau  traversant  la  couche 
élastique  (18)  quand  celle-ci  est  comprimée,  et 
une  pluralité  de  gouttières  (30)  étant  disposées 
sur  la  surface  intérieure  du  cylindre  (12)  pour 
canaliser  vers  le  haut  l'eau  qui  pénètre  dans  les 
trous  (17)  dans  la  zone  de  contact  avec  le  sol  en 
l'écartant  du  sol  du  fait  de  la  rotation  du  cylindre, 
ledit  réservoir  d'eau  (35)  étant  disposé  pour  re- 
cueillir  l'eau  qui  se  déverse  des  gouttières  (30) 
quand  chacune  de  celles-ci  atteint  un  certain 
niveau. 

2.  Appareil  selon  la  revendication  1,  dans  lequel 
la  couche  élastique  (18)  comporte  un  matériau  à 
alvéoles  ouverts,  les  alvéoles  ouverts  constituant 
lesdits  moyens  qui  permettent  à  l'eau  de  traverser 
la  couche  (18). 

3.  Appareil  selon  la  revendication  2,  dans  lequel 



la  surface  extérieure  de  la  couche  élastique  (18) 
en  matériau  à  alvéoles  ouverts  est  cannelée  pour 
définir  des  canaux  longitudinaux  (19)  parallèles  à 
l'axe  de  rotation  du  cylindre  (12). 

4.  Appareil  selon  la  revendication  3,  dans  lequel 
chaque  canal  (19)  est  à  section  arquée. 

5.  Appareil  selon  la  revendication  1,  dans  lequel 
les  moyens  qui  permettent  le  passage  d'eau  à 
travers  la  couche  élastique  (18)  comprennent  une 
multiplicité  de  trous  (50). 

6.  Appareil  selon  la  revendication  5,  dans  lequel 
les  trous  (50)  de  la  couche  élastique  (18)  sont  plus 
larges  à  la  surface  extérieure  de  la  couche  (18) 
qu'à  la  surface  intérieure  où  ils  communiquent 
avec  les  trous  (17)  du  cylindre. 

7.  Appareil  selon  la  revendication  6,  dans  lequel 
les  trous  (50)  sont  en  forme  d'entonnoirs. 

8.  Appareil selon  la  revendication  5,  dans  lequel 
chacun  des  trous  est  en  coïncidence  et  en  com- 
munication  directe  avec  un  trou  respectif  du 
cylindre. 

9.  Appareil  selon  la  revendication  5,  6,  7  ou  8, 
dans  lequel  une  feuille  (60)  de  caoutchouc  non 
poreux  est  disposée  sur  la  surface  extérieure  (61) 
de  la  couche  élastique  (18),  la  feuille  en  caout- 
chouc  (60)  présentant  des  trous  (62)  qui  sont  en 
coïncidence  avec -  les  trous  (50)  de  la  couche 
élastique  (18). 

10.  Appareil  selon  une  quelconque  revendica- 
tion  précédente,  dans  lequel  les  trous  (17)  sont 
disposés  en  rangées  suivant  la  largeur  du  cylindre 
(12)  parallèlement  à  l'axe  de  celui-ci,  et  dans 
lequel  les  soupapes  (26)  comprennent  une  série 
de  clapets  oblongs  associés  chacun  à  au  moins 
une  rangée  de  trous  (17). 

11.  Appareil  selon  la  revendication  10,  dans 
lequel  chaque  trou  (17)  a  la  forme  d'une  fente 
orientée  suivant  la  direction  de  la  rangée  de  trous 
respective. 

12.  Appareil  selon  la  revendication  10  ou  11, 
dans  lequel  chaque  gouttière  (30)  s'étend  parallè- 
lement  à  l'axe  du  cylindre  (12)  et  présent  un 
premier  bord  fixé  à  la  surface  intérieure  du  cylin- 
dre  (12)  voisine  d'une  rangée  respective  de  trous 
(17)  et  un  second  bord  libre  (31)  disposé  intérieu- 
rement  à  la  surface  intérieure  du  cylindre  (12)  et 
angulairement  décalé  dans  le  sens  de  rotation  du 
cylindre  (12). 

13.  Appareil  selon  la  revendication  12,  dans 
lequel  chaque  gouttière  (30)  a  une  section  en  L. 

14.  Appareil  selon  une  quelconque  revendica- 
tion  précédente,  comprenant  encore  une  source 
d'énergie  (20)  et  un  moyen  (22)  accouplant  la 
source  d'énergie  au  tambour  (10)  pour  faire  tour- 
ner  le  tambour. 

15.  Appareil  selon  la  revendication  1  compre- 
nant  quatre  tambours  de  contact  avec  le  sol  (71, 
72,73,74)  montés  par  paires  à  l'avant  et  à l'arrière 
d'un  bâti  de  châssis  (70)  en  juxtaposition  côte  à 
côte,  un  moyen  menant  (78)  accouplé  à  au  moins 
une  paire  de  tambours  et  un  mécanisme  de 
direction  (77)  accouplé  à  la  paire  avant  de  tam- 
bours  (71,  72). 

16.  Appareil  selon  la  revendication  15,  dans 
lequel  sont  montés  sur  le  bâti  de  châssis  (70) 
entre  les  paires  avant  et  arriére  de  rouleaux  un 
réservoir  d'eau  (75)  et  des  moyens  de  canalisation 
d'eau  à  alimentation  par  gravité  (81,  82,  83) 
montés  entre  lesdits  rouleaux  et  le  réservoir 
d'eau. 
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